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In preview search a new target is diﬃcult to detect if it carries a feature shared with the old distractors [Braithwaite, J. J., Humphreys,
G. W., & Hodsoll, J. (2003). Color grouping in space and time: Evidence from negative color-based carry-over eﬀects in preview search.
Journal of Experimental Psychology: Human Perception and Performance, 29(4), 758–778.] Two experiments are presented which exam-
ined whether this negative color carry-over eﬀect is dependent on an attentional-set to ignore old, irrelevant distractors. Consistent with
this, the data show that the negative carry-over eﬀect is greatly reduced if the attentional-set to ignore the old preview items is removed
and replaced by a set to prioritize the old items instead. The ﬁndings demonstrate that preview search, and the carry-over eﬀect, are at
least partly determined by a top-down intentional bias against old, irrelevant information.
 2007 Elsevier Ltd. All rights reserved.
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Visual search performance can be greatly improved if
observers receive an initial preview of half of the distractor
items before presenting the additional distractors and the
target (Watson & Humphreys, 1997; see Watson, Humph-
reys, & Olivers, 2003; for a review). Although, within this
procedure, the initial distractors remain present in the
visual ﬁeld (the second items being added to unoccupied
locations in the display), they do not compete strongly
for selection. These ﬁndings demonstrate that, provided
the interval between the ﬁrst preview display and the sec-
ond display is suﬃcient (see Humphreys, Jung-Stalmann,
& Olivers, 2004; Humphreys, Olivers, & Braithwaite, in
press), the ﬁrst distractors can be eﬀectively ignored. Per-
formance in the preview condition is thus greatly facilitated
relative to a baseline condition where all the items appear0042-6989/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2007.02.019
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Humphreys, 1997 for the original demonstrations). This
advantage to search has become known as the ‘preview-
beneﬁt’ (Watson et al., 2003).
The factors that lead to this preview beneﬁt have been
subject to considerable debate. In the original account,
Watson and Humphreys (1997) argued that the beneﬁt
stemmed from top-down, goal-based inhibition applied to
the locations of the old distractors. By means of this inhi-
bition, old items were ﬁltered from search (a process they
termed ‘visual marking’), enabling new items to be priori-
tized for selection. Watson and Humphreys proposed that
visual marking was under top-down control and took time
to become manifest (see Humphreys et al., 2004, in press,
for evidence on the time course of the eﬀects). Central to
this original account was that static old preview items were
inhibited on the basis of their locations and not their fea-
tural attributes; in this sense inhibitory ﬁltering was held
to be ‘feature-blind’. This claim has received some further
recent support. For example, Watson and Humphreys
(2002) showed that, with static items, there is no impact
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view displays as the search stimuli are added. If old items
were ignored by inhibiting their color (e.g., Treisman &
Sato, 1990), then changing the color of the old items should
‘release’ them from inhibition, decreasing the preview
beneﬁt. This was not observed (see Olivers, Watson, &
Humphreys, 1999; for further evidence of location-based
inhibition).
In contrast to the notion of inhibitory ﬁltering, Donk
and Theeuwes (2001) have argued strongly that the preview
beneﬁt reﬂects nothing more than automatic attentional
capture induced by the new onsets produced by the second,
search display. Donk and Theeuwes (2001) examined pre-
view search in both the presence and absence of abrupt
onsets by presenting items that were or were not isolumi-
nant to their background. Performance was assessed where
either (i) both the preview and search displays were isolu-
minant (no onset signals at all), (ii) just the new items were
isoluminant with their background (no onset signals asso-
ciated with the arrival of new items), or (iii) the preview dis-
play was isoluminant while the search display arrived with
an abrupt onset. Donk and Theeuwes (2001) found that
preview beneﬁts only emerged when the new items arrived
with an abrupt onset. Based on this ﬁnding, Donk and
Theeuwes argued that new onsets were necessary to estab-
lish a preview advantage (see also Donk & Theeuwes, 2003;
for further recent argument).
A similar non-inhibitory account was proposed by
Jiang, Chun, and Marks (2002) who suggested that perfor-
mance was based simply on the ability to temporally seg-
ment the preview and second search displays from each
other over time. As long as suﬃcient time was allowed
between presentations of the two sets of items—attention
could be directed towards the relevant new display without
any need to assume the presence of inhibition directed
towards the irrelevant display.
1.1. Are non-inhibitory accounts of preview search suﬃcient?
Although attractive, previous evidence indicates that
non-inhibitory accounts of preview search are not suﬃcient
to explain all the results. Two critical pieces of evidence
come from (i) probe-detection studies, where probes are
presented to assess where attention is allocated during pre-
view search, and (ii) color-based carry-over eﬀects, from
old to new displays.
When a probe falls on a preview item it is more diﬃcult
to detect compared to when the probe falls at the location
of a new item (Braithwaite, Humphreys, & Hullleman,
2005; Olivers & Humphreys, 2002; Watson & Humphreys,
2000) and even relative to unoccupied (neutral) back-
ground locations (Humphreys et al., 2004). Importantly,
these costs to probe-detection are particularly pronounced
when participants are engaged in a search task where new
items must be prioritized. Under these circumstances par-
ticipants appear to use a goal-directed bias against old,
irrelevant distractors. However, these costs are greatlyreduced when probe-detection is the sole task being carried
out (thus removing the negative bias against the old items).
This suggests that the preview beneﬁt is inﬂuenced by the
intention of participants to prioritize the new stimuli and
to actively ignore the old items. The evidence for probe-
detection being inhibited at the old locations is not consis-
tent with either onset capture or temporal segmentation
alone being critical. If those factors were singularly respon-
sible then the cost to probes would not increase as a func-
tion of the goal-directed intention to ignore irrelevant
items. Furthermore, the greater cost to probes falling at
old locations relative to empty background locations can-
not be explained by a temporal segmentation account,
which would predict no diﬀerences between empty loca-
tions and those occupied by old items. On the other hand,
evidence of worse probe detection on old items than on
background locations is consistent with the old stimuli
being inhibited.
Alongside the studies on probe detection, support for
inhibitory coding comes from the eﬀects of color similarity
between the ﬁrst and second displays. When the new target
carries the color of the old distractors, target selection is
disrupted relative to when the target has a diﬀerent color
(Braithwaite &Humphreys, 2003; Braithwaite, Humphreys,
& Hodsoll, 2003, 2004; Braithwaite et al., 2005; Olivers &
Humphreys, 2003). This is the negative color carry-over
eﬀect, reﬂecting a form of sustained attentional blindness
to new items with properties of items being ignored (see Bra-
ithwaite et al., 2003). The eﬀect suggests that, in addition any
process of location-based inhibition (Watson&Humphreys,
1997), there is also inhibition of the color of the old items
(i.e., featural attributes). If this inhibition spreads and is
applied to the new items carrying the same color, then these
items will become diﬃcult to detect. Note that, if either cap-
ture of attention by new onsets or temporal segmentation
alone were critical, then all the new items should be selected
equally and irrespective of their color.
One counter explanation for the inhibitory carry-over
eﬀect might be that, rather than inhibition spreading to
the same-colored new items making them more diﬃcult
to locate, attention is automatically captured by the diﬀer-
ently colored new items. It has been typical in prior inves-
tigations of the carry-over eﬀect to have the second search
display contain items of two colors; one set carrying the
color of the preview (i.e., red) and the other set carrying
a new unique color (i.e., green). Given this, then the cost
for new targets carrying the color of the preview items
could reﬂect attention being drawn to the new distinctive
color in the display. This too would predict a cost for
new items carrying the color of old distractors (e.g., red,
in this case)—but this would have nothing to do with
inhibition.
There are, however, a number of ﬁndings against this
proposal. For example, there is a large advantage to be
gained by providing observers with valid foreknowledge
of the target’s color—even when that color is unique in
the new search display (Braithwaite & Humphreys,
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cueing the target’s color if new items automatically cap-
ture attention. In addition, any automatic capture of
attention by a new unique color should be relatively fast
acting. Against this, Braithwaite et al. (2003) showed that
both the overall preview beneﬁt and the color carry-over
to new items were abolished when the preview duration
was reduced to 150 ms. The eﬀects were re-established
when the preview duration lengthened. Rather than a
fast-acting capture process directing attention to a new
unique color, these data are more consistent with the
slow-acting inhibition of old items, that spreads to the
new items carrying the color of the old stimuli (see Brai-
thwaite & Humphreys, 2003; Braithwaite et al., 2003; for
more extensive discussions).
Braithwaite and colleagues (Braithwaite et al., 2005)
have further shown that the negative color carry-over eﬀect
can be distinguished from eﬀects of color grouping in the
ﬁrst display. Braithwaite et al. (2005) changed the color
of the old items when the new stimuli appeared. Items in
the preview display could be in one of two colors (say
red or green), with one color carried by the majority of
the stimuli (i.e., 66% of the items were red and 33% of
the items were green). On the appearance of the second
search display, the preview items were given new colors
(i.e., blue and yellow). Braithwaite et al. (2005) found that
new targets carrying the same color as the majority of the
old distractors (red), remained diﬃcult to detect (i.e., there
was a negative color carry-over eﬀect), even though these
new targets could not group with the old distractors now
on the basis of their color. In addition, a probe detection
procedure was used to measure where attention was allo-
cated in the search displays. Probes were diﬃcult to detect
if they fell on old items that carried the initial majority
color (even though that color changed when the new items
appeared). This is consistent with inhibition of the old dis-
tractors based on these items grouping by color, with the
same items remaining grouped even when their common
feature changed (from one color to another). Thus, there
was one inﬂuence of color on the initial grouping, and
another due to inhibition of that color, which could impact
on subsequent search. These results are not predicted by
either the onset capture or the temporal segmentation
accounts (Donk & Theeuwes, 2003, 2001; Jiang et al.,
2002).
2. Overview of the present study
The account of the color carry-over eﬀect, proposed by
Braithwaite et al. (2005), assumes that it reﬂects feature-
based inhibition of the majority color from old distractors.
Moreover, the inhibition of old items is held to be an active
process adopted to bias search against old distractors. As
we have noted, evidence for active processes in preview
search comes from studies of probe-dot detection, where
the diﬀerences in detecting probes on old and new displays
is greatly reduced when participants are not biased againstold items for search (Braithwaite et al., 2005; see also Oliv-
ers & Humphreys, 2003). However, no previous studies
have demonstrated that active biases against old items
are necessary for the carry-over eﬀects to occur. This was
the aim of the present study. Does the color carry-over
eﬀect, like the evidence for inhibition of old items, depend
crucially on the ‘set’ of the participants?
To assess this question, we combined a preview search
task (discriminate a target letter in the new display) and
a probe detection task (discriminate a letter that is slightly
brighter than the others which always fell in the old set of
items only), while manipulating the relations between the
colors of the stimuli in the old and new displays. We
employed the color-biased displays devised by Braithwaite
et al. (2005), where previews contained color groups that
were unequal in size: 66% of the items were in one color
(the old majority group) and 33% in another color (the
old minority group). The search display contained the
opposite color bias. Thus 33% of the new items carried
the color of the old majority group (the new minority
group) and 66% of the new items carried the color of the
old minority group (the new majority group). In the ﬁnal
display the two biases cancelled each other out, so that
there were equal numbers of items in each color.
In Experiment 1, there was a ‘standard’ preview condi-
tion, where the task was to search for a target letter which
always appeared in the new, search display (Target 100%
new). This was complemented by a probe-detection condi-
tion, where the probe always fell on an old item in the pre-
view display (Target 100% old). These conditions provide
baselines to assess (i) whether there is a preview beneﬁt in
target search with the present displays, and (ii) the maxi-
mum eﬃciency of probe detection on old items (when
resources were fully committed to probe detection). In a
second (mixed) search condition the target search and
probe detection tasks were combined. Probe detection
was the primary task and there was a bias to prioritize
the old items (on 80% of trials) for probe detection; search
for a new target letter then occurred on just a minority
(20%) of the trials. Here trials where there is search for a
new target are like ‘catch trials’. Under these conditions,
the old items should be prioritised for the probe detection
task. Using these minority search trials, we then examined
whether there remained color biases on the selection of the
new items (in this case, when attention was biased towards
(rather than away from) the old stimuli). If the negative
color carry-over eﬀect occurs in a passive manner (i.e., just
due to the colors being used), then color biases with occa-
sional new targets (20%) should be as strong as in the stan-
dard preview search condition (Target 100% new). This
negative color carry-over would be shown by poorer detec-
tion of a target when it carried the same color as the old
majority group (rather than the old minority group) of
items in the preview display. Performance was also com-
pared to a full-set condition (with all the items presented
simultaneously), to provide a baseline measure of perfor-
mance (see Fig. 1 for an illustration of the displays used).
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Fig. 1. A schematic illustration of the preview paradigm used in the
present study. The preview display was presented for a 1000 ms period.
The items in the preview display were color-biased, with 66% being in one
color (illustrated by the black letters), and 33% in a second color
(illustrated by the light grey letters). After the 1000 ms preview period the
second display was added to the existing items until a response was made
or 10,000 ms had passed. The second display contained items with the
opposite color-bias to the initial preview items (so the combined display
had no overall ratio = 50/50). On probe trials, there was a temporary
brightening of one of the items in the old majority or old minority group,
concurrent with the onset of the second (search) display. Probe trials were
signalled by an auditory cue occurring 20 ms before the arrival of the
second display. On search trials, a target letter (Z/N) appeared in the new
second display in either the new minority or new majority color. In this
example trial the target is the letter ‘N’ and it occurs in the new minority
group (i.e., the group carrying the colour of the majority of items in the
preview). Under this condition, there is a strong negative color carry-over
eﬀect (see the text for details).
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dard preview search, and search in the mixed search condi-
tion could have been confounded by several diﬀerences
between these conditions: for example, there was increased
uncertainty in the mixed condition since either of two tasks
could be required (probe detection as well as target search),
whereas there was a single task (search) in the standard
preview condition; also, in standard preview search a
two-choice response was made whereas in the mixed condi-
tion participants made a simple reaction time response fol-
lowed by a letter identiﬁcation response (see below).
Though it is unclear why such diﬀerences should diﬀeren-
tially aﬀect color carry-over eﬀects, we nevertheless con-
ducted Experiment 2 in which these diﬀerences were held
constant across the critical conditions. Here we ran two
identical preview conditions which both employed target
letter search and probe-detection trials embedded in the
same blocks of trials. The only diﬀerence was whether the
bias was in favor of probe detection on the old preview
items (80% old-item, 20% new-item: as with Experiment
1) or target letter search in the new items (80% new-item,
20% old-item). In the former condition, participants should
prioritise the old items (for probe detection); in the latter
condition they should prioritise the new items (for letter
search). Any diﬀerences between these conditions would
provide evidence for a role of top-down processes in searchand, in particular, for modulation of color carry-over
eﬀects.
3. Experiment 1
3.1. Method
3.1.1. Participants
Twenty participants (8 male, two left-handed) took part
for course credit or small payment. The age of participants
ranged from 18 to 42 years with a mean age of 25 years. All
were undergraduate or postgraduate students at the Uni-
versity of Birmingham. All had self-reported normal
(including normal color vision) or corrected-to-normal
vision.
3.1.2. Stimuli and apparatus
All the stimuli and the conditions were generated by
computer programs written in Turbo Pascal (v7) and were
run on a Pentium PC ﬁtted with a 17-in. super VGA mon-
itor. Viewing distance was not ﬁxed but was approximately
60 cm. The stimuli consisted of colored (red & green—
luminance-matched via a color fusion/ﬂicker test) capital
letters displayed on the plain black screen background.
The letters had an approximate width of 6 mm, and height
of 8 mm. These letters were randomly assigned to an invis-
ible 48 cell, circular matrix consisting of three concentric
circular ring grids. The distance from central ﬁxation to
the middle of the cells of the ﬁrst ring measured approxi-
mately 20 mm (containing 8 cells), the second ring
40 mm, (containing 16 cells) and the third 60 mm (contain-
ing 24 cells). Distractors consisted of the upper case letters
H, I, V, X, and the target letters (for the letter search task)
were either a Z or N. Search displays were generated by
randomly positioning each letter in the middle of individual
matrix cells. Any distractor letter could repeatedly occur in
multiple numbers in any display with the restriction that at
least one distractor letter of each type was presented. The
preview conditions involved the presentation of half (12
items) of the distractor letters ﬁrst (in the ﬁrst preview dis-
play) followed by the remaining half (12 items) in the sec-
ond, search display. The full-set baseline consisted of a
single presentation of both displays combined (consisting
of 24 items in total). For target-letter search trials the tar-
get was a Z or N, 50% of the time (at random) and could be
either color (red or green) equally often (see Fig. 1). On
probe trials, a single probed old preview distractor under-
went a marginal increase in luminance (when it fell on
old preview items) or was presented as a marginally
brighter item (in the full-set baseline). The luminance incre-
ment level was based on pilot studies and previous pub-
lished research using this technique, where the increment
was set so that the probe item did not immediately ‘pop
out’, which would obscure diﬀerences between the critical
search conditions (see Braithwaite et al., 2005). For pre-
view conditions both the preview display and the second,
search display contained unequal numbers of items in each
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66% red vs 33% green in the preview display, versus a
new minority 33% red, and new majority 66% green in
the second search display). Color groups were balanced
across the displays so that, overall, there were equal num-
bers of letters in each color (as was the case in the full-set
baseline when all the items appeared together). The colors
assigned to the majority or minority color groups were
counter-balanced within blocks of trials (so that a given
color was not reliably associated with a group size).
3.1.3. Design and procedure
There were four experimental conditions, consisting of
one full-set baseline condition and three preview conditions
employed in a 4 · 2 (Condition · Group) within-subjects
design. Each condition was run as a separate block of
200 trials. There were two forms of trial type; these were
(i) target letter search (Z/N) or (ii) probe-detection (detect
the luminance probe). The conditions diﬀered as to
whether they contained letter target search trials only,
probe-detection trials only, or a mixture of both with a
trial-by-trial bias favoring probe trials (80% of trials were
probe trials in the combined conditions). For the preview
search task, target-letters always fell at new locations and
were presented with the second set of distractors. In con-
trast, for the probe-detection task, the probe always fell
on old preview distractors and were signaled by an audi-
tory cue occurring 20 ms before the presentation of the sec-
ond display.
There were three preview conditions all of which had an
old majority and old minority color group in the preview,
followed by items in a new minority and new majority
group in the second display. Items in the old majority color
were in the minority color in the new display and vice-versa
for stimuli that were in the old majority group. In the stan-
dard preview condition, only target letter search trials
occurred, the target being a new item in the second search
display on all trials: the target 100% new condition. Partic-
ipants were instructed to ignore the preview items, which
were always irrelevant, and they had to discriminate the
new target (Z or N?). In a second preview condition, only
probe-trials occurred, with the probe always falling at the
location of the one of the previewed items (100% of the
time). We refer to this condition as target 100% old. Under
these circumstances, observers were told that the old items
were the relevant set and that a luminance-probe would
always fall on one of the preview items, coincident with
the presentation of the second display. Here participants
may be expected to prioritize the old items in the preview.Table 1
The conditions and target types in Experiment 1
Condition Target search (new-item)
Full-set (20% of the time)
New-item 100% (100% of the time) (new min/new maj)
Old-item 100% —
New-item 20% old item 80% (20% of the time) (new min/new maj)In the third, mixed preview condition both trial types
occurred. Participants were told that, on most occasions
(80% of the time), the trial would be a probe-detection trial
and the probe would always fall on an old item (which was
valid). This was the primary task (the 80% old condition).
However, on a minority of trials (the remaining 20%) there
was no probe, and, instead, the task was to detect a target-
letter in the new second display (i.e., target detection
formed a type of catch trial): the target 20% new trials.
Under these circumstances, we expected participants to pri-
oritize the selection of the old rather than the new stimuli,
as the old stimuli contained the target event most of the
time. Coupled to these preview conditions was a full-set
baseline where all the (24) search items were presented
simultaneously (condition ‘full-set’). Note that, in this case
the two color groups were equal in size. In this full-set base-
line, either target letter search or probe detection could be
carried out, with the probabilities of the two trial types
matched to those in the target 80% old condition (i.e., there
were probe targets on 80% of the trials and letter targets on
20%). Table 1 provides a summary of the conditions in
Experiment 1.
In the preview condition, for target letter search, there
were equal numbers of trials for targets in the new minority
and new majority groups. Similarly, the total number of
probe trials, were divided equally across the two possible
old distractor groups (old majority/old minority). The tar-
get was assigned to a group randomly across trials. The
trial type (target search/probe detection) within each condi-
tion was also randomized within blocks and block order
was randomized across participants. A general block of
40 practice trials, for each of the preview and the full-set
baseline conditions, was completed at the beginning of
the experiment. None of these practice trials were included
in the analysis.
Letter search trials took the following form. Each trial
began with the presentation of a plain white ﬁxation cross,
which remained visible until the end of each trial. For the
preview conditions, this was followed by the presentation
of the preview display and participants were instructed to
remain ﬁxated and not to initiate search until the arrival
of the second display (whether it was the relevant or irrel-
evant display). Reaction Times (RTs) were measured from
the onset of the second display. For luminance probe trials
a 20 ms long auditory beep of 1000 Hz occurred 20 ms
before the presentation of the second search display, to sig-
nal this was a probe-detection trial. For conditions where
both trial types could occur, prior to the cue, participants
did not know the nature of the search task for that partic-Probe search (old-item) Mixed conditions
(80% of the time) Yes
— No
(100% of the time) (old min/old maj) No
(80% of the time) (old min/old maj) Yes
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tory cue occurred, one of the preview items would become
slightly brighter and the task was to identify it as quickly
and as accurately as possible. The probe could fall on
any of the four distractor letter types (chosen randomly),
and it fell equally often on either the old minority or old
majority color. Participants responded to probes were
made by pressing the space bar as soon as they located
the probe. The display was then immediately cleared of
all items and participants were presented with a new screen
that asked ‘what was the brightest letter’, along with giving
the four possible options (H I V X). Participants typed the
identity of the probed letter from the four possible distrac-
tor letters and their accuracy was recorded. For letter
search tasks participants made a button press (Z/N) to
indicate whether the target was a letter Z or N. Note that
the number of potential letter responses varied across the
letter search (2 alternative responses) and probe trials (4
alternative letter responses). This may lead to general dif-
ferences in reaction times across the tasks.1 However this
general factor is orthogonal to the main variables of inter-
est here—namely whether the target fell in a majority or
minority color group. Any diﬀerential eﬀects of color
grouping on the two tasks, is unlikely to be due to varia-
tions in response uncertainty (though Experiment 2 was
conducted as a further test of this). The procedure was
the same for the full-set display except that all the items
appeared together and on probe detection trials, the beep
occurred at the onset (20 ms before) of the whole display.
The experiment lasted approximately 50 min.
3.2. Results
The reaction time (RT) data for both letter search and
probe detection trials were trimmed for outliers (±2.5 stan-
dard deviations and any response faster than 200ms) and
incorrect responses. All data were analyzed via a series of
within-subjects ANOVAs carried out separately for each
task. Further decompositions and planned comparisons
were carried out where relevant. Three of the conditions,
the full-set baseline, the target 100% new, and the target
80% old conditions, contained target-letter search trials.
These were analyzed below.
3.2.1. Overall performance on letter search trials
Overall RTs were compared (collapsed across both
minority and majority groups) for letter search trials from1 An anonymous reviewer suggested that diﬀerences in target-letter (two
choices) and probe-letter (four choices) might be a concern. However,
based on this RTs would be expected to be faster on letter search than on
probe detection trials. Contrary to this, RTs were faster in probe detection
than letter search (compare Figs. 2 and 3 here with Fig. 4). This indicates
that the choice of letter response had a much weaker eﬀect on performance
than the stimulus cues guiding attention to the target, which was more
salient in probe detection (a luminance increment) than in letter search
(where the target diﬀered from distractors only in the arrangement of its
features).the full-set, target 100% new and target 80% old preview
conditions in a one-way within-subjects ANOVA. This
was highly signiﬁcant, F(2,38) = 40.69, p < .001. This eﬀect
was further explored by a series of planned comparisons.
These revealed signiﬁcant diﬀerences between the full-set
and target 80% old (20% new) conditions,
F(1,19) = 27.60, p < .001, with RTs being quicker in the
latter case. Even though observers were encouraged to pri-
oritize the old items, they were quicker when a target came
in the new display relative to the full-set baseline. There
was also a signiﬁcant diﬀerence between the full-set base-
line and the target 100% new condition, F(1,19) = 52.71,
p < .001. This represents the standard preview beneﬁt.
Finally, RTs for new target letters were signiﬁcantly faster
in the target 100% new condition than in the target 80% old
condition. F(1,19) = 28.44, p < .001. RTs were fastest
when participants always prioritized the new items. This
suggests that there was an additional advantage to target
letter search, when the new items were being actively prior-
itized. The overall RT data for new-item targets are shown
in Fig. 2.3.2.2. Color group eﬀects on target letter search
The eﬀect of whether the target letter in the preview con-
dition was in the new minority or new majority group was
assessed across each pairing of letter search conditions
using a 2 (search condition) · 2 (color group) ANOVAs.
The data are presented in Fig. 3.3.2.2.1. Full-set vs target 100% new. There were signiﬁcant
main eﬀects of Condition, F(1,19) = 53.23, p < .001, and
Color group, F(1,19) = 104.89, p < .001. The Condi-
tion·Color group interaction was also signiﬁcant,
F(1,19) = 54.46, p < .001. RTs were signiﬁcantly faster in
the target 100% condition relative to the full-set baseline
condition. Furthermore, there was a large eﬀect of color
group in the 100% new condition. In the target 100%
new condition, RTs were slower when the target was in
the new minority color in the second search display (carry-500
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Fig. 2. RTs (ms) for the target letter search tasks (to new items only).
Performance is shown for the full-set baseline (left bar), the target 20%
new condition (middle), and the target 100% new condition (right bar).
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Fig. 3. RTs (ms) for target letter search as a function of whether the target
was in the new-minority (light grey) or new-majority (dark grey) color in
the second display.
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Fig. 4. RTs (ms) for the probe-detection task in Experiment 1. Perfor-
mance for probe-detection is shown for the full-set baseline (left bar), the
target 80% preview condition (middle bar) and the target 100% preview
condition (right bar).
2 Note that the Y-axis for probe trials is ﬁxed at 1500 ms maximum
while for all target-search trials it is set at 2000 ms maximum (though
incremental steps in RT are the same). This is due to the fact that some of
the diﬀerences in the probe conditions are diﬃcult to appreciate at 2000 ms
because overall RTs to probes are much quicker. Nonetheless, RTs for
trial type (probe vs letter search) are calibrated to be consistent within
themselves.
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play). This is the negative color-based carry-over eﬀect.
3.2.2.2. Full-set vs target 80% old. Only the main eﬀect of
Condition was signiﬁcant, F(1,19) = 27.49, p < .001. Both
the main eﬀect of Color group, F(1,19) = .85, p = .363,
and the Condition · Color group, interaction were not sig-
niﬁcant, F(1,19) = .66, p = .426. Although performance
was improved in the preview condition where targets were
80% old (and thus 20% new), there were no eﬀects of color
group. This shows that the negative color carry-over is
modulated if the negative bias towards the old items is
removed (by having the target events fall there most of
the time).
3.2.2.3. Target 100% new vs target 80% old. There were sig-
niﬁcant main eﬀects of Condition, F(1,19) = 22.25,
p < .001, and Color group, F(1,19) = 33.81, p < .001. The
Condition · Color group interaction was also signiﬁcant,
F(1,19) = 20.47, p < .001. RTs were faster in the target
100% new condition, and an eﬀect of color group emerged
only in this condition. Here the negative color carry-over
for targets in the new minority was only present in the
100% new condition.
3.2.3. Probe trials
RTs from the probe-detection trials were then compared
from the Full-set, target 80% old and target 100% old con-
ditions. There was a signiﬁcant diﬀerence between the con-
ditions, F(2,38) = 25.50, p < .001. There were signiﬁcant
diﬀerences between the full-set and target 80% old condi-
tions, F(1,19) = 35.39, p < .001. RTs were quicker for
probes falling on distractors in the full-set baseline condi-
tion relative to probes falling on old locations under pre-
view conditions. There was also a signiﬁcant diﬀerence
between the full-set baseline and the target 100% old con-
dition, F(1,19) = 19.36, p < .001, with again probe RTs
being faster in the full-set baseline. Finally, there was also
a reliable diﬀerence between RTs for probes falling on old
items in the target 80% old and the target 100% oldconditions, F(1,19) = 12.31, p < .01 (see Fig. 4).2 RTs to
probes were faster when the probe fell on an old item
100% of the time relative to when it fell there 80% of the
time.
3.2.4. Color group eﬀects on probe-detection
The eﬀects of color grouping on probe detection were
examined in a series of 2 (Condition) · 2 (Color group)
ANOVAs conducted on each pairing of the conditions.
3.2.4.1. Full-set vs target 80% old. Both the main eﬀect of
Condition F(1,19) = 37.21, p < .001, and of Color group,
F(1,19) = 10.97, p < .01, were signiﬁcant. Probe detection
was much faster in the full-set baseline than in the preview
condition with 80% old targets. The Condition · Group
interaction was also signiﬁcant, F(1,19) = 36.68, p < .001.
Here there was a selective eﬀect of grouping in the target
80% old condition. RTs were slower to probes to items in
the old majority color than they were to probes on old
minority color in the preview {F(1,19) = 38.59, p < .001}.
Note, this eﬀect is in the opposite direction to that seen
for the carry-over onto new-item search targets (see above).
There was no eﬀect of color in the full-set baseline
{F(1,19) = .48, p = .498}. The data are shown in Fig. 5.
3.2.4.2. Full-set vs target100% old. The main eﬀect of Con-
dition was signiﬁcant, F(1,19) = 18.74, p < .001. Probes
were harder to detect in the condition where the target
was 100% in the old set, relative to the baseline condition.
The main eﬀect of Color group was not signiﬁcant,
F(1,19) = 2.38, p = .139. The Condition · Color group
interaction was signiﬁcant, F(1,19) = 8.77, p < .01. There
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Fig. 5. RTs (ms) for the probe detection task as a function of whether the
probe fell on an item in the old-minority (light grey) or old-majority color
(dark grey) in the preview display from Experiment 1.
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dition {F(1,19) = 11.85, p < .01} but not the full set base-
line. In the former condition probes were harder to detect
if they fell in the old majority color in the preview display.0
2
4
6
Target 80% old Target 100% old
Condition
Fig. 6. Error rates (expressed as percentage) for new targets falling in the
new minority/new majority color (a—top panel), and for probes falling in
the old minority/old majority color groups (b—bottom panel) from
preview conditions of Experiment 1.3.2.4.3. Target 100% old vs target 80% old. Both the main
eﬀect of Condition and Color group were signiﬁcant, F(1,
19) = 15.78, p < .01, and F(1,19) = 65.97, p < .001, respec-
tively. Probe-detection was faster when observers priori-
tized the old display on 100% of the trials. The
Condition · Color group interaction was also signiﬁcant,
F(1,19) = 5.12, p < .05. Probes falling in the old minority
group were detected faster than probes falling in the old
majority group. However, the eﬀect of color grouping on
probe-detection was signiﬁcantly reduced when observers
prioritized those items on 100% of the trials.3.2.5. Errors
The total overall error rate was very low at 3.7%. There
were 5.9% errors on letter search trials and 2.7% on probe
detection trials. Thus probe-detection trials were not only
on average faster, but also more accurate relative to target
search trials. Errors on letter search trials were analyzed in
a similar manner to RTs in a one-way within-subjects
ANOVA, but here this failed to be signiﬁcant,
F(2,38) = 2.67, p = .08. Errors for search targets from both
the 100% new and 20% new preview conditions were com-
pared as a function of group in a 2 · 2 (Condi-
tion · Group) ANOVA. Although the eﬀects of group
increased when target search was carried out 100% of the
time (with more errors occurring for new minority targets)
this was not signiﬁcant. Indeed, only a signiﬁcant main
eﬀect of Group was observed, F(1,19) = 9.22, p < .01.
The main eﬀect of condition failed to reach signiﬁcance,
F(1,19) = 3.66, p = .07, as did the Condition · Group
interaction, F(1,19) = 1.94, p = .180 (See Fig. 6). A similar
analysis of probe-detection errors revealed a signiﬁcant dif-
ference across the conditions, F(2,38) = 14.73, p < .001.
There were signiﬁcantly fewer errors produced in the target100% old condition relative to both the target 80% old con-
dition, F(1,19) = 23.67, p < .001, and the full-set baseline,
F(1,19) = 11.07, p < .05. There were also fewer errors in
the full-set baseline relative to the target 80% old condition,
F(1,19) = 7.48, p < .05. The eﬀect of Group was explored
by comparing old probe RTs from both preview condi-
tions. This revealed only a signiﬁcant eﬀect of Condition,
F(1,19) = 23.67, p < .001. Errors were signiﬁcantly fewer
in number for the probe 100% old condition. The main
eﬀect of Group, F(1,19) = .08, p = .774, and the Condition
x Group interaction, F(1,19) = .50, p = .487, were not sig-
niﬁcant. Errors generally followed the pattern of RT and
there was no evidence of a speed-accuracy trade-oﬀ (see
Fig. 6).4. Discussion
4.1. Letter search
There was an advantage for search in the two pre-
view conditions—even when the old items should have
been prioritized (target 80% old)—compared with the
full-set baseline. The fact that there was an advantage
for preview conditions even when the old items should
1578 J.J. Braithwaite, G.W. Humphreys / Vision Research 47 (2007) 1570–1583have been prioritized (target 80% old) is suggestive of
there being some relatively automatic component that
beneﬁts preview search compared to when all the items
appeared together. This would be consistent with atten-
tion being captured automatically by the new items
(Donk & Theeuwes, 2001) or there being automatic seg-
mentation of the old and new items into separate tem-
poral groups (Jiang et al., 2002). Alternatively, it may
be that participants were not perfect at prioritizing the
old items, and actively prioritized the new items on
some trials. Whatever the case, the additional advantage
for the target 100% new condition (i.e., the standard
preview condition) indicates that, even if there is an
automatic component in the preview beneﬁt, there is
also a substantial additional component due to active
prioritization of the new items. Thus search was signif-
icantly improved when the new target was expected on
100% of the trials.
In addition to diﬀerences in search, there was an eﬀect
on search of the color of the new targets, but only when
new items were prioritized for search (in the target 100%
new condition). In this condition, targets were easier to
detect if they fell in the new majority color relative to
when they fell in the new minority color. Note that this
result is the opposite of the usual eﬀects of color segre-
gation and grouping that arise when all the search items
appear simultaneously. With simultaneous presentations
of the stimuli, targets are typically easier to ﬁnd when
they carry the minority color in the display (Bacon &
Egeth, 1997; Egeth, Virzi, & Garbart, 1984; Kaptein,
Theeuwes, & van der Heijiden, 1995; Moore & Egeth,
1998). Nevertheless, the pattern of data replicates that
previously reported under preview conditions (Braithwa-
ite et al., 2003, 2005) and ﬁts the pattern of the negative
color carry-over eﬀect: targets were harder to detect if
they carried the color of the majority of items in the
preview.
This reversal of the standard color grouping eﬀect (with
simultaneous items) is diﬃcult to reconcile with eﬀects due
solely to automatic onset capture (Donk & Theeuwes,
2001, 2003), to automatic temporal segregation (Jiang
et al., 2002) or to the feature-blind inhibition of locations
(Watson & Humphreys, 2002, 1997; see Watson et al.,
2003). For example, if there is automatic capture of atten-
tion by the new onsets, then targets in the new minority
color should be easier to ﬁnd. The results were opposite
to this. Instead the data ﬁt with the idea that there is inhi-
bition of the old majority color carried by the preview
items, which is transferred to the letters in the new search
display carrying the same color (the new minority group).
The new result here is that the carry-over eﬀect was con-
ﬁned to when participants could actively prioritize the
new items (in the target 100% new condition), and it did
not occur when the old items were prioritised (target 80%
old). This suggests that the eﬀect is conditional on an active
top-down bias against the old items, and their featural
properties.4.2. Probe detection
Probes were generally more diﬃcult to detect under pre-
view conditions than they were in the full-set baseline. This
is not surprising. In the preview conditions the probes
appeared at the same time as the onset of the new search
items, and so had to compete with multiple other new tran-
sients in the displays. Probes were also more diﬃcult to
detect when probes were prioritized on just 80% of the tri-
als (under preview conditions) compared to when they were
prioritized on 100% of the trials. This result is inconsistent
with there being automatic capture of attention by the new
onsets (Donk & Theeuwes, 2001). If there were automatic
attentional capture alone, attention should have switched
to the new onsets irrespective of whether the old items were
being prioritized. Instead, the data suggest that partici-
pants can set themselves against new onset capture, at least
to some degree.
In addition to these overall eﬀects, there was an eﬀect of
color grouping on probe detection, with probes being eas-
ier to detect if they fell in the old minority color in the pre-
view, compared to when probes fell in the old majority
color group. Note that this eﬀect mimics the result from
color grouping under standard search conditions, with all
the items presented simultaneously (Bacon & Egeth,
1997; Egeth et al., 1984; Kaptein et al., 1995; Moore &
Egeth, 1998). The eﬀect of color grouping was greater in
the target 80% old condition compared to the target
100% old condition. This color grouping eﬀect may be
partly due to automatic segmentation of the initial display
into minority and majority color groups, with attention
being drawn to the minority group. Even so, there was
an enhancement of the eﬀect in the target 80% old condi-
tion. This may reﬂect several factors. It could be that the
eﬀect of automatic color grouping is increased if attention
is divided to some degree between the old and the new
items, which may be the case in the target 80% old condi-
tion. It could also be that eﬀects of automatic color group-
ing are reduced by attention being prioritized speciﬁcally to
a luminance increment in the old items, in the target 100%
old condition. It is important to note, however, that the
present results dissociate the eﬀects of grouping (which
were evident on probe detection) from the color carry-over
eﬀects (which were absent on target search, when old stim-
uli were prioritised). The data suggest that, whereas the
grouping eﬀect may be relatively automatic, the color
carry-over eﬀect reﬂects an active process, produced when
observers set a bias against the old items to prioritize the
new (in the target 100% new condition only). The color
carry-over eﬀect is not an inevitable consequence of the dis-
play parameters used here.
Experiment 1 contained conditions where both search
and probe trials were embedded in the same block of trials
(along with conditions containing only probe or only
search trials). This intermixing of trial types in the embed-
ded block meant that there was a period of uncertainty
(until the auditory cue occurred) on any given trial as to
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ing of the two tasks induces an attentional bias towards the
old items). This increased uncertainty might have length-
ened RTs in the 80–20% condition compared to when there
was certainly about the task being performed (in the 100%
old and new conditions), and it could have contributed to
the variations in the eﬀects across the diﬀerent conditions.
In addition there was a contrast between two target letters
being discriminated in the standard preview condition
(100% target new) and a simple reaction time followed by
a four-choice letter identiﬁcation in the mixed (80–20%)
condition.3
To test whether such factors were crucial, we conducted
Experiment 2. In Experiment 2 there was always uncer-
tainty about which task was to be performed (letter search
or probe detection). As in Experiment 1 there was one con-
dition in which there was an 80% bias in favor of probes
falling on old preview items (with letter search in the sec-
ond display on the remaining 20% of the trials). This
should encourage a top-down bias in observers to prioritize
the preview items on most trials. Coupled to this was an
alternative preview condition where identical displays were
employed but the bias between trial types was reversed.
Here the task was to search for a new target letter on
80% of the trials and it was to search for a probe in the pre-
view on 20% of the trials. Under this circumstance, observ-
ers should adopt an attentional set against the old items,
since these stimuli are usually irrelevant. Note, however,
that as both conditions contained search and probe trials
within their respective trial blocks, any diﬀerence in perfor-
mance between these conditions must be due to the relative
top-down bias and not general uncertainty across the trial
block.
5. Experiment 2
5.1. Method
5.1.1. Participants
Eighteen participants (11 male, one left-handed) took
part for course credit or small payment. The age of partic-
ipants ranged from 18 to 35 years with a mean age of 21
years. All were undergraduate or postgraduate students
at the University of Birmingham. All had self-reported nor-
mal (including normal color vision) or corrected-to-normal
vision.
5.1.2. Stimuli and apparatus
The stimuli were the same as those reported for Exper-
iment 1. The only diﬀerence was the inclusion of a new pre-
view condition where there was a bias towards target-letter
search (see below).3 We thank an anonymous reviewer for this suggestion.5.1.3. Design and procedure
There were two preview search conditions. Both condi-
tions contained mixed trial types, with both target letter
search (in the new items only) and probe-detection (in the
old items only) being possible. The conditions diﬀered in
the relative probabilities of the two tasks. In one case we
repeated the 80% probe detection (old-item) and 20% letter
search (new-item) condition from Experiment 1 (the Target
80% old condition). Old items should be prioritized in this
case. In addition, a second condition had 20% probe detec-
tion (old-item) trials and 80% letter search (new-item) trials
(the Target 80% new condition). Here the new items should
be prioritized most of the time. The remaining procedure
matched that outlined for Experiment 1.
5.2. Results
The data were made ﬁt for analysis in the same way as
for Experiment 1. We then analyzed RTs for targets falling
in the second display followed by RTs to probes falling in
the preview display.
5.2.1. Performance for new-item targets
Performance was assessed for new item targets both
when they occurred as the primary task (80% of the time)
and when they occurred as a secondary task (20% of the
time). A 2 (Condition: bias to new vs bias to old) · 2 (Color
group: new minority vs new majority) within-subjects
ANOVA revealed a marginally signiﬁcant eﬀect of Condi-
tion F(1,17) = 4.30, p = .05. The main eﬀect of Color
group, F(1,17) = 34.23, p < .001, and the Condi-
tion · Color group interaction, F(1,17) = 122.08, p < .001,
were signiﬁcant. RTs for new targets were faster when these
items were prioritized (Target 80% new vs 20% new), and
there was a larger negative carry-over eﬀect on new minor-
ity group targets in this condition (see Fig. 7).
We further examined individual eﬀects of color group
within each of the biased conditions. There were no signif-
icant eﬀects of color group when the target was usually in
the old display (Target 80% old), F(1,17) = 2.32, p = .146.Target 20% new Target 80% new
Condition
Fig. 7. RTs (ms) for targets falling in the new displays from both
conditions of Experiment 2. Performance is shown here as a function of
the new group (new minority = light grey and new majority = dark grey).
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Fig. 9. Error rates (expressed as percentage) for new targets falling in the
new minority/new majority color (a—top panel), and for probes falling in
the old minority/old majority color groups (b—bottom panel) from both
preview conditions of Experiment 2.
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the Target 80% new condition, when attention should be
prioritized to the new items and against the old,
F(1,17) = 115.78, p < .001. Therefore, the overall eﬀect of
Color group is largely due to the carry-over present only
in the target 80% new condition, where the old preview
items had to be ignored most of the time.
5.2.2. Performance on probes in preview displays
RTs for probes falling in the old preview display were
analyzed in a 2 · 2 (Condition · Color group) within-sub-
jects ANOVA. This revealed a signiﬁcant eﬀect of Condi-
tion, F(1,17) = 14.33, p < .01. Probe-detection was slower
when probes fell in the old items on 20% of the trials rela-
tive to when probes fell there on 80% of the occasions.
There was also a signiﬁcant main eﬀect of Color group,
F(1,17) = 31.17, p < .001, and a signiﬁcant Condi-
tion · Color group interaction, F(1,17) = 15.72, p < .01.
RTs for probes that fell in the old majority group were
slower relative to probes that fell in the old minority group,
and this eﬀect was much greater when observers were
biased against the old preview display (the new item 80%
condition: see Fig. 8).
We further assessed the grouping eﬀects for each of the
two bias conditions. In the target 20% new condition, there
was a small but reliable eﬀect of Color group. RTs for
probes falling in the old minority group were faster than
RTs for probes falling in the old majority group,
F(1,17) = 6.73, p < .05. This eﬀect also held for trials where
the target was usually in the new search display (target 80%
new), RTs, F(1,17) = 26.15, p < .001. The interaction arose
because there were increased eﬀects of color grouping on
old-item probe RTs when previews were mostly irrelevant
for the task. This is consistent with participants employing
an inhibitory bias against the properties of the largest
group of old preview items, when the new search displays
are prioritized.
5.2.3. Errors
The overall level of errors was low at 4.6%. There were
5.3% errors on letter search trials and 4.0% on probe detec-500
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Fig. 8. RTs (ms) for probes in Experiment 2. Performance is shown here
as a function of the old group (old minority = light grey and old
majority = dark grey).tion trials. Errors on new target letter search trials from
both preview conditions were analyzed like RTs, in a
2 · 2 (Condition · Color group) within-subjects ANOVA.
The main eﬀect of Condition and the Condition · Color
group interaction were not signiﬁcant (all Fs < 1,
p > .650). Although there was a trend for there to be more
errors for targets in the new minority color relative to tar-
gets in the new majority color, this main eﬀect of Color
group failed to reach signiﬁcance, F(1,17) = 2.13,
p = .163. A similar analysis was carried out for old-item
probe RTs. Again the main eﬀect of Condition and the
Condition · Color group interaction was not signiﬁcant,
(all Fs < 1, p > .430). Although there was a trend for errors
to be higher for probes falling in the old majority relative to
the old minority color group, this main eﬀect of Color
group failed to be signiﬁcant, F(1,17) = 3.09, p = .09.
There was no evidence of a speed-accuracy trade-oﬀ (see
Fig. 9).6. Discussion
The results from Experiment 2 are clear. When observ-
ers were biased against the old irrelevant items, in anticipa-
tion of a target event occurring in the second display, a
strong negative color carry-over emerged. RTs for targets
J.J. Braithwaite, G.W. Humphreys / Vision Research 47 (2007) 1570–1583 1581falling in the new minority group were signiﬁcantly slower
relative to targets falling in the new majority group. This
replicates the ﬁndings from Experiment 1 here and else-
where (Braithwaite et al., 2003, 2005). However, when
observers were biased towards the old preview items (probe
on old on 80% of the trials), the carry-over eﬀect to new
targets was greatly reduced. Importantly, here both condi-
tions contained mixed-trial types (target letter search and
probe detection) and so these diﬀerences cannot be
explained by eﬀects of task uncertainty or the number of
letters that had to be discriminated. The reduction in the
degree of carry-over to the new items, when the bias
against the old items is removed, suggests strongly that
the carry-over itself is based on a top-down intention to
ignore and ﬁlter a mass of irrelevant items on the basis of
their color as well as their locations.
In addition to ﬁnding that the color carry-over eﬀect
could be modulated by the bias to new or old items, we also
found that the eﬀect of color grouping (on probe detection)
was aﬀected. Probes were more diﬃcult to detect when they
fell on items carrying the majority color in preview displays
(see also Experiment 1). This eﬀect was signiﬁcant even
when there was a bias to attend to the old items (probe
detection on 80% of the trials), suggesting some automatic
component to the eﬀect. Nevertheless, the magnitude of
this eﬀect increased when participants were set to prioritise
the new items (target search on 80% of the trials). This last
result indicates that, even if an attentional bias is automat-
ically established against items in the larger of two color
groups (Bacon & Egeth, 1997; Egeth et al., 1984; Kaptein
et al., 1995; Moore & Egeth, 1998), this bias is augmented
when attention is directed away from the old groups to pri-
oritise the new stimuli. We suggest that this reﬂects inten-
tional top-down inhibition, applied diﬀerentially as a
function of the size of the old, to-be-ignored groups (Brai-
thwaite et al., 2005).
7. General discussion
The present study examined whether top-down biases
are necessary for the color-based carry-over to occur in
preview search. Several critical new results have been
revealed. First, the ﬁndings from Experiment 1 showed that
search was always advantaged to some degree when the
target was a new item (target letter search), compared to
a baseline with all the search stimuli presented simulta-
neously (the full-set baseline). This occurred even when
the old items should have been prioritized (target 80%
old), compared with the full-set baseline. This suggests that
performance in the preview condition is at least partly med-
iated by an attentional-capture component directed
towards the new items (even when they rarely contain the
target: Donk & Theeuwes, 2001). However, this beneﬁt
varied further as a function of top-down bias towards the
new items and against the old preview display (see below).
Therefore, onset-capture mechanisms alone cannot provide
a complete and suﬃcient explanation of preview search.Second, we replicated the negative color carry-over
eﬀect on preview search (when new targets carry the color
of the old items) and showed for the ﬁrst time that the
carry-over eﬀect is abolished when participants prioritise
attention to the old items. Our data suggest that the
carry-over eﬀect is dependent on the top-down intention
to ignore and ﬁlter irrelevant old distractors. These results
go against the idea that the carry-over may be based in the
statistical properties of the displays (the presence of uneven
color groups), that they reﬂect passive grouping processes
(e.g., between old and new items carrying the same color),
and that the preview-beneﬁt itself reﬂects only onset-cap-
ture processes.
Finally, both experiments here found eﬀects of color
grouping on probe detection: probes were more diﬃcult
to detect when they fell on old items carrying the majority
color in the preview display. However, this attentional bias
was reduced when participants were set to prioritise the old
display. Thus, even if grouping takes place automatically,
the bias against the old majority group is augmented under
conditions where participants are set against the old items.
This is consistent with there being top-down inhibition of
the old items when participants prioritise search for new
stimuli, with this inhibition being stronger within the larger
group. Braithwaite et al. (2005) discussed similar results in
terms of Duncan and Humphreys (1989) proposals con-
cerning grouping and selection. Duncan and Humphreys
argued that distractors could be rejected on the basis of
spreading suppression within distractor groups, with the
strength of the suppression increasing with the size of the
group. Here such spreading suppression processes are max-
imized by an intentional set against old stimuli.
7.1. Eﬀects from bottom-up attentional capture
In Experiment 1, new-item targets were always advan-
taged relative to the full-set baseline. This was the case even
when observers were set to search the old preview items
most of the time. These ﬁndings suggest that search was
being captured and guided to some degree by the new
onsets (even when they rarely contained the targets). This
is consistent with both the onset-capture and temporal-seg-
mentation accounts of preview search performance (Donk
& Theeuwes, 2003, 2001; Jiang et al., 2002). However, the
degree of this advantage to search was not matched across
preview conditions which diﬀered only in terms of top-
down bias. The advantage for new-item targets was greatly
improved when the target was always a new-item (target
100% new). If search were just based on capture mecha-
nisms alone, performance should have been matched for
new-item targets in both preview search conditions, irre-
spective of the degree of top-down bias. It was not. This
was also the case for Experiment 2. Experiment 2 used
the same displays but under two diﬀerent bias conditions
(where either the old or the new displays were prioritised).
Despite the displays being matched for onsets and for the
time available for temporal segmentation, preview search
1582 J.J. Braithwaite, G.W. Humphreys / Vision Research 47 (2007) 1570–1583diﬀered markedly across the bias conditions. This result
provides strong evidence for top-down eﬀects contributing
in addition to any eﬀects of automatic attentional capture
by new onsets.7.2. Eﬀects from top-down biases
When observers knew that the target would always be in
the new set (target 100% new, in Experiment 1), search
improved substantially relative to when the target occurred
on a minority (20%) of trials. This pattern was replicated in
Experiment 2, where search was faster when the target was
expected in the new display (target 80% new) relative to
when probe detection was expected (probe 80% old). Taken
together, these ﬁndings suggest that, in addition to any
eﬀects from bottom-up capture, preview search perfor-
mance is further aided by top-down biases of the observer
directed towards the relevant (and against the irrelevant)
displays. This is directly in line with the original suggestion
of the visual-marking mechanisms proposed by Watson
and Humphreys (1997) where the degree of capture enjoyed
by new items is further aided by a negative bias against
irrelevant items (see Watson et al., 2003; for a recent
review).7.3. Filtering items of mass distraction: Top-down biases &
the negative color carry-over eﬀect
Further evidence for top-down inhibitory eﬀects on the
irrelevant preview comes from the negative carry-over
eﬀect. Search for new target letters search was aﬀected by
the color relations between the old and new items only
when the new displays were actively prioritized. In these
conditions, targets were harder to detect if they fell in the
new minority group (carrying the color of the old majority
group) relative to when they fell in the new majority group.
Crucially, this result is in the opposite direction to the eﬀect
of color grouping on attention, when all the search items
appear simultaneously—where there is usually an advan-
tage for targets in the minority group (Bacon & Egeth,
1997; Egeth et al., 1984; Kaptein et al., 1995; Moore &
Egeth, 1998).4 This reversal of the standard color grouping
eﬀect (with simultaneous items) is diﬃcult to reconcile with
eﬀects due to automatic onset capture (Donk & Theeuwes,
2001, 2003) or to automatic temporal segregation (Jiang
et al., 2002). If these other factors were crucial, then atten-
tion should have been captured by all new items equally, or
directed towards the new minority group. Clearly, this was
not the case.
These ﬁndings are consistent, however, with there being
inhibition of the old majority color carried by the preview4 Note that when the preview items were being prioritised (80% old
condition) there was a non signiﬁcant trend for new item targets to display
the standard minority-group advantage. This further suggests that
switching attentional biases from being against old information in the
visual ﬁeld, to being directed towards them, recruits separate processes.items, which is transferred to the letters in the new search
display carrying the same color. Particularly interesting is
the fact that the carry-over eﬀect was conﬁned to when par-
ticipants could actively prioritize the new items (in the tar-
get 100% new condition of Experiment 1 and the 80% new
condition of Experiment 2). In contrast, when the old pre-
view display was the relevant display (thus removing any
negative bias from them) the carry-over eﬀect was abol-
ished. It follows that a top-down negative bias against
the irrelevant old stimuli is a necessary condition for the
carry-over to emerge. Note also that the eﬀects of color
on search of the new items here cannot be attributed to
an active bias towards the new items, since then the stan-
dard eﬀect of color-grouping should have occurred (i.e.,
search should have been facilitated for targets in the new
minority color, rather than the new majority color as we
observed).
The opposite direction of the color carry-over eﬀects
and the color grouping eﬀect is of interest in its own right,
since the data indicate that these two eﬀects may reﬂect dif-
ferent underlying mechanisms. This proposal is supported
by recent results reported by Braithwaite et al. (2005). Bra-
ithwaite et al. varied the duration of the preview and found
evidence for fast color-based grouping of stimuli in preview
displays, present even with short preview durations. In con-
trast, negative color carry-over eﬀects were found only with
long exposures of previews. Both these results, and the
present data, are consistent with there being distinct stages
of preview processing. Initially there appears to be rapid
grouping of items in the preview based on their color,
but with the locations of the old items then being coded
together. When search is directed at the preview, these
groups bias attention to the locations of the smaller set.
However, once the locations are grouped, then the identity
of the initial deﬁning features can change. Thus the group-
ing eﬀect is little aﬀected when the colors of the initial
groups are altered (Braithwaite et al., 2005). Nevertheless
the groups as initially coded modulate a later-acting inhib-
itory process, that is applied when participants actively pri-
oritize the new items. This inhibition is applied to the
features of the to-be-ignored items, and greater inhibition
is applied to the larger distractors groups. It is this fea-
ture-based inhibition that leads to the negative carry-over
eﬀect in preview search.8. Conclusion
The present results provide strong evidence that the neg-
ative color carry-over eﬀect in preview search is based on
the active prioritization of attention to new items and away
from old distractors. In particular, the negative color carry-
over eﬀect was eliminated when participants prioritized old
rather than new stimuli. In contrast, there was evidence for
color-based grouping of preview displays, which could be
augmented by later inhibition against old items. The results
point to a critical role of active processes in visual search
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